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I. INTRODUCTION
Progress of digital wireless communication has been remarkable in the second-half of the previous century until toady. In recent years, considerable amount of data traffic is carried in mobile communication networks. Development and deployment of novel wireless communication systems are causing innovations in our business and living styles.
Since the theoretical paper by Shannon in 1948, communication engineers have been making tremendous effort to develop a variety of digital communication technologies, aiming at approaching the performance close to the theoretical limit. In the 1980s, digital wireless communication technology was applied to the International Telecommunications Satellite Organization (INTELSAT) satellite communication systems, achieving increased system capacity in the situation where demands in satellite communication were increasing rapidly. Then it was applied to cellular systems, and supported the explosive growth of cellular phone market.
Today, wireless communication technology is being applied to a variety of systems. In addition to global area networks (GANs), wide area networks (WANs), metropolitan area networks (MANs) and local area networks (LANs), it is also being applied to personal area networks (PANs), including dedicated short-range communications (DSRC) for intelligent Transport Systems and Services (ITS), radio frequency identifications (RFIDs), sensor networks, and wireless cards.
The primary purpose of this paper is to provide a brief review of the progress of wireless communications in relationship to standardization trends, trying to highlight the features and the driving factors of innovations.
Development of novel wireless communication systems are driven by research on information theory, inventions of communication technologies and advances in semiconductor technologies. It will be observed that innovations of wireless communication systems are achieved in a concatenated manner in the sense that innovative systems were developed, influencing each other and causing development of another innovative system.
In wireless communications, importance of global standardization is widely recognized. Standardizations of cellular systems are carried out in the International Telecommunication Union-Radiocommunication Sector (ITU-R) and the ITU-Telecommunication Standardization Sector (ITU-T) in collaboration with other standardization committees of the third generation partnership project (3GPP), 3GPP2, and the IEEE Standards Association (IEEE SA). A trend of system integration will be observed in recent standardizations toward International Mobile Telecommunications (IMT)-Advanced.
In wireless communication systems, technologies in the physical (PHY) layer and the medium access control (MAC) layer are playing important roles to achieve reliable signal transmission over band-limited channel, where noise, fading and interferences may exist. We will briefly review the progress of typical technologies selected from the viewpoint of their relation to standardization, and try to extract features in the progress. It will be observed that technology innovations are driven by practical needs of user throughput, system capacity and received signal quality.
The remaining sections of the paper are organized as follows. Section II reviews the evolution and progress of digital wireless communication systems, taking into consideration the evolution of wire-line networks related. Section III focuses on recent standardization trend toward IMT-Advanced. Section IV reviews the progress of typical wireless communication technologies selected in the PHY layer and the MAC layer. As the purpose of this paper is to briefly review the trends of innovations from the viewpoint of their relation to standardization, technologies selected and the list of references cited in this paper are by no means complete. Finally, Section V presents concluding discussion. It is expected that wireless communications will keep playing important roles in the knowledge society in the 21st century, enabling each user to enjoy broadband and ubiquitous communications.
II. PROGRESS OF DIGITAL COMMUNICATIONS AND WIRELESS COMMUNICATIONS

A. Dawn of Digital Communication
Remarkable progress of digital communications was observed in the second half of the previous century until today. There were three outstanding works at the starting period of the development of digital communications.
Firstly, an outstanding work was published in 1948 by Shannon [103] . Theoretical limit on the efficiency of communication over noisy channels was clarified, and theoretical basis of digital communication was established.
Secondly, innovative ideas and inventions were essentially important for practical designs of digital communication systems. In this regard, the invention of pulsecode modulation (PCM) by A. H. Reeves in 1937 [97] , as the first significant invention of novel digital communications, can be mentioned. PCM was standardized in the ITU-T, formerly the International Telegraph and Telephone Consultative Committee (CCITT) [23] .
Thirdly 
B. PCM and Internet
The first PCM system was developed in Bell Laboratories, USA in 1962. Since then, PCM systems are widely deployed, replacing the previous analog network with novel digital network, while circuit-switched architecture is inherited from previous analog networks.
While PCM was being deployed, another innovative concept of packet-switched networks was proposed by Kleinrock in 1962 [76] . From this concept, Internet was born through the Advanced Research Projects Agency Network (ARPANET), and was widely used.
The concept of packet-switched network also influenced the progress of wireless communication. Motivated by the concept, a wireless WAN, called ALOHA system, was developed by Abramson in 1970 [28] . In ALOHA system, packet transmission technology was employed to establish simple wireless data communication links among the remote computers in the University of Hawaii. -Quadrature phase-shift keying (QPSK) modulation, -Time-division multiple-access (TDMA), were developed, and adopted in the standard [18] , [48] , [49] . One of the objectives of the introduction of digital communication technology in the INTELSAT system was to achieve increased system capacity in the situation where demands in satellite communications were increasing, while frequency bandwidth available is limited by on-board transponders of satellites.
Together with QPSK modulation and TDMA, digital speech interpolation (DSI) technology was developed, and adopted in the INTELAT satellite communication standard [18] . DSI is used in combination with TDMA, where human speech is detected, and the time slots in silent periods are allocated to other users, thereby increasing the system capacity. DSI was also adopted in the standard of digital circuit multiplication equipment in the ITU-T, formerly CCITT [24] .
D. Mobile Communications
Digital wireless communication technology was then applied to cellular systems, and supported the growth of cellular phone market. In 1989, a small-sized cellular phone called Micro TAC was released. It was the smallest and lightest cellular phone at that time; since then, the cellular phone market has shown explosive growth. Around the same time, cellular systems were evolved form the first generation (1G) to the second generation (2G). Progress of cellular systems is illustrated in Fig. 1 .
In the 1990s, digital communication technologies were introduced in cellular systems. In Europe, a 2G system, called Global System for Mobile Communications (GSM), formerly called Groupe Spécial Mobile, was developed. In GSM, -Gaussian filtered minimum shift keying (GMSK) modulation, -TDMA, were employed. GMSK modulation [91] generates a constant-envelope signal, and is useful to avoid degradation caused by nonlinear transmit amplifiers in cellular phones. The European Telecommunications Standards Institute (ETSI) released the first GSM specifications in 1990, and the first operation of GSM was started in 1991.
In Japan, a 2G system, called Personal Digital Cellular (PDC), formerly called Japan Digital Cellular (JDC), was developed. In PDC, -π/4-shifted QPSK modulation, -TDMA, were employed. In π/4-shifted QPSK modulation [32] , a simple signal mapping is employed to generate almost constant envelope signal. In addition, Nyquist filtering was employed in combination with π/4-shifted QPSK modulation, and increased spectral efficiency was achieved. Standardization of PDC was done in the Association of Radio Industries and Businesses (ARIB), Japan, and the service was started in 1993.
In the USA, a 2G system, called Digital Advanced Mobile Phone System (D-AMPS), was developed, where -π/4-shifted QPSK modulation, -TDMA. were employed. Another system, called cdmaOne, was developed in USA, employing:
-code-division multiple-access (CDMA) with spreadspectrum (SS) modulation. Both systems were adopted as standards of digital cellular systems in the Telecommunications Industry Association (TIA) in 1992 and 1993.
Around the beginning of the 21st century, the third generation (3G) systems were introduced. In wideband CDMA (W-CDMA),
-CDMA with SS modulation was employed [31] , [47] . One of the reasons for selecting CDMA in preference to TDMA was superiority in system capacity. In the near future, -Orthogonal frequency division multiple access (OFDMA) will be employed to achieve further enhancement of performance [34] , [110] .
Research and development of speech codecs have been carried out since the beginning of 2G systems, aiming at providing good speech quality on the fundamental tradeoff between the output speech quality and the bandwidth compression efficiency. Bandwidth compression enables efficient utilization of the available bandwidth. Based on advanced source coding technology [36] , adaptive multirate (AMR) speech codec was developed, and adopted in the W-CDMA standard [8] .
While cellular systems were developed and deployed, the scope of IEEE 802 LMSC was extended in the 1990s. IEEE 802.11 working group (WG) was established in 1990 to promote the standardization of wireless LAN, and IEEE 802.16 WG was established in 1996 to promote the standardization of broadband wireless access (BWA) for wireless MAN. The IEEE 802.16 standard was updated, and the standard of Worldwide Interoperability for Microwave Access (WiMAX) is developed. Constitution of IEEE 802 LMSC is summarized in Table 1 .
In addition, a variety of short-range wireless communication systems are also being developed, including dedicated short-range communications (DSRC) for intelligent Transport Systems and Services (ITS), radio frequency identifications (RFIDs), sensor networks, wireless cards, etc. Slightly apart from wireless communications in the 
E. Next-Generation Networks
In the traditional circuit-switched networks, a guaranteed connection is set up between a transmitter and a receiver, and voice messages are relayed through switching equipment. The public switched telephone network (PSTN) is based on circuit-switched network technology, and has been providing reliability and security to users.
On the other hand, in packet-switched Internet Protocol (IP) networks, best-effort transmission is done using simplified network architecture, resulting in an advantage of increased transmission efficiency. Increase in data traffic has accelerated the acceptance and dissemination of IP networks, though issues of reliability and security are yet to be overcome. In 1997, a concept of "stupid network" was proposed by Isenberg in favor of IP networks. The concept is based on the recognition that open and flexible networks will create more innovation than controlled circuit-switched networks.
Study and controversy between circuit-switched network and IP network were carried out over to the 21st century. In 2003, ETSI initiated standardization of the Next Generation Network (NGN), where Quality of Service (QoS) control shall be introduced into IP network.
Standardization is also initiated in the Focus Group Next Generation Network (FGNGN) in the ITU-T, and a recommendation was released in 2004 [27] . In the ITU-T recommendation, NGN is defined as follows:
Next Generation Network (NGN): A packet-based network able to provide telecommunication services and able to make use of multiple broadband, QoS-enabled transport technologies and in which service-related functions are independent from underlying transport related technologies. It enables unfettered access for users to networks and to competing service providers and/or services of their choice. It supports generalized mobility which will allow consistent and ubiquitous provision of services to users.
In accordance with the ITU-T recommendation, NGN employs the IP Multimedia Subsystem (IMS), and introduces Session Initiation Protocol (SIP) to achieve end-toend QoS control. IMS has all-IP based architecture, and is standardized in 3GPP for wireless communications [1] . NGN will support both high-speed data communications and real-time communications, and is expected to create novel services, including fixed-mobile convergence (FMC). In Japan, commercial service of NGN was started in March 2008. [20] . Standards on network architecture of IMT-2000 were released by the ITU-T [25] , [26] .
In 2000, a total of five radio interfaces were standardized as the IMT-2000 family:
-IMT-Frequency-Time (FT). In 2007, it was decided in the ITU-R RA-07 to accept mobile WiMAX as the sixth standard, and the name of "OFDMA TDD WMAN" was given. Table II shows the  IMT-2000 family. 2) Standardization in 3GPP and 3GPP2: While standardization of IMT-2000 was progressing in the ITU, 3GPP and 3GPP2 were established in December 1998 and in January 1999, respectively. They provided opportunities for detailed technical study and discussion on In December 1999, 3GPP released the first standard, referred to as Release 99, where W-CDMA system is specified for UMTS, in accordance with the de jure standards of IMT-2000 in the ITU. Standardization of radio interfaces for IMT-Advanced has begun in the ITU-R. Proposals are being received until October 2009; a radio interface standard is expected to be completed in February 2011 [22] .
2) Standardization in 3GPP: Upon completion of Release 99, 3GPP has been updating and releasing a series of standards for the enhanced systems of: -High Speed Downlink Packet Access (HSDPA), -High Speed Uplink Packet Access (HSUPA), -High Speed Packet Access (HSPA), -Long Term Evolution (LTE). The 3GPP standards released are summarized in Table III. In December 2004, 3GPP initiated the study on LTE and system architecture evolution (SAE), and functional freeze of LTE/SAE was agreed in December 2008 [9] . Targets of LTE/SAE were as follows [2] , [3] , [7] : work (E-UTRAN), providing higher user throughput and improved spectral efficiency, -Evolved packet core (EPC), providing IP-based mobile broadband services and interworking with other systems. E-UTRAN employs OFDMA in the downlink and single-carrier frequency-division multiple-access (SC-FDMA) in the uplink, aiming at increase in the user throughput. OFDMA and SC-FDMA have several advantages over W-CDMA, including bandwidth scalability based on flexible assignment of frequency channels. E-UTRAN is connected to EPC; E-UTRAN and EPC constitutes the evolved packet system (EPS), in which IMS [1] provides IP multimedia services. Since EPS is a packet based, all-IP network, issues of security and QoS are considered. As end-to-end latency is one of the important factors of the signal quality, a flexible set of endto-end QoS capability in terms of transmission speed and latency was standardized [2] .
Based on the LTE standard, 3GPP initiated the standardization of LTE-Advanced, aiming at IMT-Advanced. Requirements for LTE/SAE are defined, and study items are as follows [10] , [11] :
-Bandwidth extension, -Uplink transmission scheme, -Downlink transmission scheme, -Coordinated multipoint transmission/reception, -Relaying. Coordinated transmission/reception and relaying will induce further innovation in system architecture. It will facilitate introduction of small-sized nodes of picocells or femtocells, and enable each node to achieve higher user throughput within limited area. Similar to 3GPP, IEEE 802.16 WG is also developing standards for IMT-Advanced.
IV. PROGRESS OF PHYSICAL-LAYER TECHNOLOGY IN WIRELESS COMMUNICATIONS
A. Basic Modulation Technology and Modem Design
A basic principle of digital communication is to transmit a signal using a set of orthogonal functions. Suppose that a transmitted message is selected from among a total of possible M messages. Then, using Gram-Schmidt orthogonalization, the transmitted signal with finite energy can be expressed as a linear combination of M N ≤ orthonormal basis functions.
Depending on the selection of orthonormal basis functions, a variety of digital modulation schemes have been invented. A basic set of orthonormal basis functions is:
When used as a carrier signal, (1) results in QPSK modulation and quadrature amplitude modulation (QAM).
An important technical issue in practical modems is to achieve accurate design and implementation of orthonormal basis functions, taking into account various degradeation factors of channel noise, signal distortion, etc. A number of technologies have been invented for practical modem designs [82] . To cope with degradation caused by nonlinear transmit amplifiers in cellular phones, several modulation technologies are invented, including π/4-shited QPSK modulation [32] and GMSK modulation [91] . They are used in GSM, D-AMPS and PDC.
B. Channel Coding
As digital communication technology was developed and introduced in satellite communications, it was soon recognized that channel coding, referred to as forward error correction (FEC) coding, will provide an attractive solution to correct bit errors and improve the received signal quality [38] , [68] , [90] .
A practically important issue for channel coding is to provide enough error-correcting capability, that is, coding gain in a physically implementable decoder. In 1967, a decoding algorithm for convolutional codes was invented by Viterbi [112] . The algorithm, called the Viterbi algorithm, is simple, but is able to provide performance close to that of the maximum-likelihood decoding in practical decoders [54] . Thus, the invention of the Viterbi algorithm shed new light upon convolutional codes, which were first discussed in 1955 [50] .
Since then, research and development were done on convolutional coding with Viterbi decoding from practical point of view, e. g., [63] , [83] , [84] , [85] , [121] , [122] . In particular, the invention of practical punctured coding scheme made it easy to control the transmission speed and the decoded signal quality according to user needs. In addition, in the period of the 1980s and the 1990s, advances in semiconductor technology made it possible to design and implement Viterbi decoders in small LSI chips. Convolutional coding with Viterbi decoding is adopted in the INTELSAT satellite communication standard [19] , and supported the deployment of satellite communication networks using compact earth stations equipped with small antennas. Convolutional codes are also adopted in the standards of various systems, including W-CDMA, WiMAX, wireless LAN and digital audio broadcasting (DAB) [4] , [13] , [15] , [17] .
In addition to convolutional codes with Viterbi decoding, various error-correcting codes with high coding gains were invented, including concatenated codes, turbo codes and low-density parity-check (LDPC) codes [37] , [42] , [52] , [58] , [59] . Concatenated codes and turbo codes are adopted in the standards of W-CDMA, WiMAX and space communication systems (CCSDS) [4] , [12] , [17] . LDPC codes are adopted in the standards of WiMAX and digital video broadcasting (DVB-S2) [14] , [17] .
The Viterbi algorithm is also useful to design various signal processing in digital communication receivers. It is used for demodulation, equalization, etc., from the viewpoint of the maximum-likelihood sequence estimation (MLSE) of the received signal, e. g., [53] , [78] , [79] , [81] , [96] .
C. Modulation and Coding
As modulation is closely related with channel coding, a technology domain called "modulation and coding" was established [55] , [113] . In the domain of modulation and coding, several coded modulations were invented aiming at increased spectral efficiency and signal quality, including trellis-coded modulation (TCM), and, more recently, bit-interleaved coded modulation (BICM) [40] , [70] , [101] , [111] .
In mobile communications, it is necessary not only to cope with channel errors but also to cope with channel variations [39] , [66] , [69] , [71] , [92] , [98] , [107] . Adaptive modulation and coding (AMC) [41] , [99] provides an attractive solution. In AMC, it is possible to assign transmission resource in an adaptive manner, according to channel conditions and user needs, thereby increasing spectral efficiency. AMC is often used with error control technology of hybrid automatic repeat request (H-ARQ), and is widely adopted in the standards of various systems, including HSDPA, LTE, WiMAX and wireless LAN [5] , [9] , [15] , [17] .
D. Spread-Spectrum Modulation and CDMA
Spread-spectrum (SS) modulation employs a code sequence, referred to as a spreading code, to spread the bandwidth of the transmitted signal, resulting in unique capabilities of anti-interference, anti-interception, etc. In general, codes having good auto-correlation property are employed to establish and keep synchronization between the transmitter and the receiver. There are several types of SS modulations: direct-sequence SS (DS-SS) modulation, frequency-hopping SS (FH-SS) modulation, and time-hopping SS (TH-SS) modulation, etc. [104] It is straightforward to use SS modulation for multiple access, by using orthogonal codes or quasi-orthogonal codes as spreading codes, and allocating spreading codes to different users. Multiple access using SS modulation is called CDMA, formerly referred to as spread-spectrum multiple-access (SSMA) or spread-spectrum randomaccess (SSRA) [104] , [123] .
Typical orthogonal codes suitable for CDMA using DS-SS modulation (DS-CDMA) are Walsh-Hadamard (WH) codes and orthogonal variable spreading factor (OVSF) codes [30] . OVSF codes are based on WH codes, and have a remarkable property that orthogonality of codes could be kept among users with different transmission rates. It is also possible to use quasi-orthogonal codes, such as pseudo-noise (PN) codes. In CDMA, it is preferable to use codes having low cross correlation properties, e. g., Gold codes and Kasami codes [62] , [73] , [100] . WH codes, OVSF codes, Gold codes and Kasami codes are adopted in the W-CDMA standard [6] .
In the 1990s, new light was shed upon DS-CDMA. It was clarified that DS-CDMA, when combined with sophisticated power control and variable-rate speech coding, is able to achieve increased system capacity higher than those of FDMA or TDMA. It is also useful to employ channel coding, AMC and multi-user detection [115] in DS-CDMA to further enhance the performance. Research and development were done, e. g., [31] , [47] , [51] , [61] , [74] , [77] , [95] , [114] , thereby making DS-CDMA practical technology for commercial use. DS-CDMA is adopted in the W-CDMA standard [4] , [20] .
Research and development of TH-SS modulation were done since the late 1990s from the viewpoint of its application to the Ultra-Wideband (UWB) communications, e. g., [45] , [87] , [88] , [102] , [118] . UWB using TH-SS modulation was adopted in the standard of IEEE wireless personal area network (WPAN) [16] .
E. OFDM and OFDMA
Multi-carrier modulation (MCM) employs a set of carriers, and transmits information by lower-rate signal streams in parallel frequency channels.
The most common form of MCM is OFDM [43] , [44] . In OFDM, the following orthonormal basis functions are used as subcarriers in the symbol interval .
T
In OFDM, low-complexity receivers can be used to detect the received signal, since the signal is transmitted over orthogonal narrowband channels. In addition, it is easy to control each subcarrier according to the frequency characteristics of the channel. Accordingly, radio resource management (RRM) can be easily integrated with signal transmission in OFDM, facilitating adaptive assignment of communication resource, aiming at increase in spectral efficiency and system capacity.
It is straightforward to extend the use of OFDM for multiple access. By allocating subcarriers to different terminals, communication resource in the frequency domain can be shared among users, resulting in OFDMA.
Research and development were done on multi-carrier modulation and OFDM from the viewpoint of broadband wireless communications, e. g., [46] , [75] , [116] . OFDM is adopted in the standards of LTE, WiMAX, wireless LAN, DAB and DVB [9] , [13] , [14] , [15] , [17] . It is also possible to combine MCM with CDMA, resulting in multi-carrier CDMA (MC-CDMA) [35] , [64] , [65] , [105] .
F. MIMO and SDMA
Traditionally, space diversity commonly used were receive diversity, where multiple antennas were placed apart on receive side [29] , [94] . Receive diversity is often referred to as single input multiple output (SIMO).
Use of multiple antennas both on the transmit side and on the receive side leads to multiple-input multiple-output (MIMO) technology. Succeeding to the first study on multiple antenna technology in 1987 [119] , research and development were done, e. g., [56] , [57] , [72] , [86] , [89] , [93] , [108] , [109] .
MIMO provides diversity gain and spatial multiplexing gain. Using the singular value decomposition (SVD) theorem, a MIMO channel can be transformed into an equivalent channel model, comprising a set of uncoupled parallel sub-channels, where the number of sub-channels is given by the channel characteristics and the number of antennas employed. Thus, MIMO has capability to produce spatial multiplexing gain, resulting in increased system capacity.
Similar to CDMA or OFDMA, it is straightforward to use MIMO for multiple access. Spatial multiplexing gain can be used for the purpose of multiple access, and it is possible to distribute available communication resource in the space domain to different users, resulting in spacedivision multiple-access (SDMA), often referred to as multi-user MIMO (MU-MIMO).
It is also possible to place multiple antennas on the transmit side alone, resulting in transmit diversity, often referred to as multiple-input single-output (MISO) [33] , [117] . In [33] , space-time block coding (STBC) is combined with transmit diversity with two antennas, and an information symbol and its complex conjugate are transmitted from different antennas in consecutive time slots.
Technologies of MIMO and OFDM, often employed with coding technology of space-time coding or spacefrequency coding, enable signal design in the space, time, and frequency domains, aiming at achieving higher user throughput, improved signal quality and increased system capacity. The water-filling theorem [60] provides a useful tool to achieve adaptive allocation of transmitted signal power, aiming at further enhancement of performance. MIMO-OFDM [106] is adopted in the standards of LTE and WiMAX [9] , [17] .
V. CONCLUDING DISCUSSION
A. Technology Integration
In the previous section, we have observed the progress of typical wireless communication technologies selected in the PHY layer and the MAC layer. It would be possible to observe that technology innovations are driven by practical needs of user throughput, system capacity and received signal quality. It would also be possible to observe a trend of technology integration, where innovations were achieved in a concatenated manner in the sense that innovative technologies were developed, influencing each other and causing further innovations.
In the beginning of the 21st century, cellular systems were evolved from the second generation to the third generation. At the same time, innovative functions of:
-Internet access capability, -Camera, -Color LCD, were introduced in cellular phones. It would be possible to say that evolution of cellular phones was achieved by integration of the third-generation mobile communication technologies and application-related technologies.
B. System Integration
In the ITU-R Recommendation, the vision of systems beyond IMT 2000 is described as follows [21] :
Systems beyond IMT 2000 will be realized by functional fusion of existing, enhanced and newly developed elements of IMT-2000, nomadic wireless access systems and other wireless systems with high commonality and seamless interworking.
A trend toward system integration is foreseeable in the vision, where various wireless communication systems will coexist. According to the 3GPP standards [2] , [3] , EPC is going to provide interworking of 3GPP systems with WiMAX, and will provide functionalities of authentication of terminals, QoS control, and seamless vertical handover. Using the platform of all-IP core network, system integration will provide FMC or fixed-mobilebroadcasting convergence (FMBC). It is predicted that software-defined radio and cognitive radio will play important roles in the era of system integration [67] .
Introduction of picocells or femtocells would provide an attractive solution for higher user throughput and increased system capacity in the future wireless communication systems. It may also cause further innovation in the network architecture, facilitating introduction of ahhoc networks or multi-hop networks, e. g., [120] .
C. Standardization
With the common recognition on the importance of standardization, global standards have been developed for cellular systems. It would be possible to address several driving factors that are promoting standardizations.
Firstly, standardization is inherently important in communication systems to provide common interfaces and establish communications among transmitters and receivers.
Secondly, importance of standardization is driven by the specific features of communication networks that its value is proportional to the square of the number of users subscribed, according to Metcalfe's law.
Thirdly, importance of standardization is recognized not only among communication engineers and entrepreneurs but also on the government level. In the Agreement on Technical Barriers to Trade (TBT) of the World Trade Organization (WTO) in 1995, emphasis is placed on international standards, and each TBT member is being encouraged to adopt international standards as technical requirements in each country, whenever possible.
It is foreseeable that standardization will keep playing essential roles in the 21st century.
D. Concluding Remarks
It is mentioned in [126] that information technology (IT) industry evolution has entered into a network-centric stage since around the mid-1990s, where Metcalfe's law is the governing principle. It would be possible to say that we are in the network society, where communication systems are being evolved through technology integration, system integration and global standardization, and the value of a network is governed by the number of users subscribed.
According to Drucker [125] , the society in the 21st century is a knowledge society, where knowledge will be the key resource. It is expected that wireless communications will keep progressing in the networked knowledge society, providing broadband and ubiquitous services, enabling each user to receive, retrieve and dispatch a variety of information on site in a timely manner.
Innovation may not always proceed along a single straight line [124] . Advanced wireless communication technologies may be used to pioneer new applications. 
